Abstract: To test the hypothesis that different species have similar responses to local and regional environmental constraints, we modelled the occurrences of 13 species using a data set of 413 undisturbed river reaches. Three environmental descriptors were considered at the local scale (river slope, river width, and upstream drainage area) and three at the regional scale (mean annual and mean range air temperature and basin unit). Using multiple logistic regression modelling techniques, we correctly predicted the occurrence of 11 of the 13 retained species. The hierarchical partitioning analysis that we used allowed us to jointly consider all possible models in a multiple regression setting and to evaluate the independent explanatory power of each of our five environmental variables. We reject the hypothesis of a common species response to the environmental constraints. Species inhabiting upstream river reaches (bullhead (Cottus gobio), brown trout (Salmo trutta), minnow (Phoxinus phoxinus), and stone loach (Barbatula barbatula)) are more sensitive to basin unit. All species representative of downstream areas (barbel (Barbus barbus), dace (Leuciscus leuciscus), chub (Leuciscus cephalus), gudgeon (Gobio gobio), roach (Rutilus rutilus), bleak (Alburnus alburnus), and perch (Perca fluviatilis)) exhibit a positive continuous response to the drainage area, in agreement with the view of a continuous increase of local richness downstream. River slope is an important variable for all species. Main species habitat requirements are discussed for each species.
Introduction
Knowledge of species distribution and the capacity to predict the occurrence of fish species are crucial to managing aquatic biodiversity and to assessing the consequences of anthropogenic changes in the river environment, such as global climate change (Ormerod 2003) . Until recently, most modelling efforts were centered on building predictive tools describing fish species responses to local environmental conditions, with a particular emphasis on hydraulic variables (Bovee 1982; Gore and Nestler 1988) . Most of these studies only apply to one particular river in a specific region and thus cannot be directly transferred to other basins belonging to geographically distant regions (Leftwich et al. 1997 ). More recently, some authors have developed significant models using data pooled from different rivers (Lamouroux et al. 1999 ) but did not include potentially important largescale variables such as temperature.
It is now a common view that local species occurrences are not only constrained by local processes (e.g., physical constraints, habitat diversity, and biotic interactions) but also by factors operating at larger temporal and spatial scales, such as climate, dispersal barriers, and historical biogeography (Tonn et al. 1990; Huston 1999) . The general hypothesis is that large-scale processes determine the pool of species available to occur locally, whereas small-scale processes tend to limit the number of species that actually occur at a given site. Therefore, modelling the occurrence of fish species in local assemblages should also account for the influence of regional factors that condition the presence of species within each drainage unit (Oberdorff et al. 2001) .
Previous works clearly identified local variables, as well as large-scale features, that could influence fish species distribution (Matthews 1998) . As fish species cannot disperse across terrestrial areas, drainage basins represent ecologically relevant regions for these organisms (Matthews 1998) and should be considered as a main regional factor with regard to long-term dispersal processes. In addition, drainage basins are natural units linking various components of terrestrial and aquatic ecosystems (e.g., soils and waters and productivity) making them, in essence, more or less unique (Hornung and Reynolds 1995) . Thermal climate is also an important determinant of fish species distributions at a regional scale acting on the spawning period or egg development and mortality (Crisp 1996; Mann 1996) . Rahel and Hubert (1991) considered that, within a basin, temperature operates at a relatively large scale and that changes in thermal conditions can explain replacements of one fish assemblage by another. Variation in fish assemblage composition along the upstream-downstream gradient of rivers is a widely studied aspect of fish ecology. These longitudinal changes are usually attributed to one of two processes: biotic zonation or continual addition of species downstream in association with the increase in river size and habitat diversity (Huet 1959; Schlosser 1982; Pont et al. 1995) . At the local scale, hydraulic conditions and habitat diversity are known to exert a strong influence on fish communities (Horwitz 1978; Matthews 1998) . Variables describing the general morphology of a river reach (river slope and river width) and mean hydraulic conditions (Lamouroux et al. 1999) can summarize the most important environmental features at that local scale (reach scale).
Comparatively little is known about the relative importance of these local and regional factors and their influence on the occurrence of each species of an assemblage. Recent studies dealing with interactive effects of local and regional factors only considered the community level, mainly species richness (Tonn et al. 1990; Angermeier and Winston 1998) , or synthetic descriptors of community structure (Jackson and Harvey 1989) . Here, all species are implicitly considered to have the same response to the hierarchical organization of their environment. Although assemblage-level analysis is important in detecting overall patterns or testing general hypotheses, the detailed analysis of individual species may provide a better understanding of the mechanisms or factors in play behind observed patterns of species occurrence. As proposed by Kolasa (1989) , all species do not have the same perception of the heterogeneity of their habitat. As in the case of species richness, understanding the occurrence patterns of a given species in local assemblages requires considering the influences of regional factors that affect the presence of species within each drainage unit (Matthews 1998) . Examining the influence of these environmental factors on the occurrence of each species separately may also serve to test the hypothesis of a common response of each fish species of a local assemblage to their local and regional environment.
In this paper, using a site-specific approach, we present habitat-based statistical models for predicting the occurrence of the most common riverine fish species in France. Our study includes river reaches belonging to the four largest French river basins, which represent a significant part of the whole geographical range of the species considered. Our detailed objectives are (i) to evaluate the efficiency of our six environmental variables to accurately predict species presence-absence, (ii) to compare species responses to environmental constraints and to discuss the balance between local and regional factors, and (iii) to, after selecting, for each species, the environmental variables having the higher independent explanatory power, describe species habitat requirements.
To evaluate the independent explanatory power of each environmental variable, we used hierarchical partitioning (Chevan and Sutherland 1991) , a method in which all possible models in a multiple regression setting are considered jointly to attempt to identify the most likely causal factors.
Materials and methods

Data set
We extracted a data set of river reaches from the database of the National French Fishing Council (1985-1998 period) base on three criteria. Initially, reference sites were selected on the basis of classic water quality criteria and of a limited degree of river channel modifications (Oberdorff et al. 2001) . These reference sites were not totally undisturbed, but rather those sites that have suffered comparatively limited human impact within a particular basin. We also retained exclusively wadeable sites (i.e., mean river depth not over 1 m) where fishes were sampled by electrofishing with one pass during low-flow periods (August-October).
Lastly, as it is well known that the species richness within a given river basin is highly correlated with the size of that basin (Welcomme 1979) , the mean occurrence of a species at regional scales should also depend on basin size. To avoid the influence of basin size on the expected occurrence of a species within a given river reach, we only retained basins of similar size (Loire River, 113 812 km 2 ; Rhône River, 97 800 km 2 ; Garonne River, 84 811 km 2 ; Seine River, 73 700 km 2 ) (Fig. 1) . The distributions of our environmental variables are quite comparable among these basins (Table 1) , but they do still differ by their climate (Oceanic to Mediterranean) and geological characteristics.
The 13 species retained are among the most common autochthonous species in France. They have a mean occurrence of at least 10% in our data set (Table 2 ) and are all present over all four basins in the study. This avoids any effect due to overly restricted distribution of a species. Most of these species are cyprinids: bleak (Alburnus alburnus), barbel (Barbus barbus), gudgeon (Gobio gobio), chub (Leuciscus cephalus), dace (Leuciscus leuciscus), minnow (Phoxinus phoxinus), and roach (Rutilus rutilus). The six others species are stone loach (Barbatula barbatula), northern pike (Esox lucius), brown trout (Salmo trutta), perch (Perca fluviatilis), bullhead (Cottus gobio), and brook lamprey (Lampetra planeri).
Environmental variables
The National French Fishing Council database includes several environmental descriptors at the reach level. For our purpose, we retained six descriptors that can directly influence the occurrence of fish species. The river slope (SLO, m km ⋅ −1 ) is a determinant factor for hydraulic conditions at the reach scale, as demonstrated by the classic general Chezy formula (Gordon et al. 1992) , and is known to be one of the main factors influencing fish species distribution (Huet 1959) . River width (WID, metres, measured at the sampling date) is indicative of both river size and habitat diversity at the reach scale (Matthews 1998) . The upstream drainage area (UDA, square kilometres) was used to describe the position of a given reach within the overall drainage basin.
As streams and rivers are relatively shallow, turbulent, and well-mixed systems, they easily exchange heat with the atmosphere. Consequently, mean annual air temperature (MAT, degrees Celsius) and mean annual air temperature range (MAR, degrees Celsius) were used as a surrogate of water temperature to describe thermal conditions within each river reach. The baseline climate data set was generated from mean July and January monthly values (1951-1993 period) for all official French weather stations, interpolated and mapped by the French Meteorological Service.
SLO, WID, and UDA are good descriptors of physical and hydrological conditions at the local scale (Oberdorff et al. 2001) . MAT and MAR are representative of climatic conditions at the reach scale but are considered to be large-scale descriptors because of their high level of spatial autocorrelation at a regional scale. Finally, the basin unit (BAS) is for fish a good synthetic descriptor of regional environmental constraints and is retained as a dummy variable (Loire: LOIR, Rhône: RHO, Garonne: GAR, Seine: SEI).
SLO, WID, and UDA were log-transformed to reduce the skewness of their distribution. MAT and MAR were nearnormally distributed and were thus kept untransformed in our analyses. The number of sites per basin ( Fig. 1 ) was almost identical (from 100 to 106 sites).
Logistic modelling method
When using logistic regression methods, the "presenceabsence response curve" of a species (ter Braak and Looman 1986) describes the probability of the species being present, p, as a function of a measured environmental variable, x. The general expression for this probability is
where f(x) is a linear combination of variable x. Equation 1 can be extended to include more than one explanatory variable to which multiple logistic regressions can be applied. The contribution of each variable of the linear combination f(x) in a logistic regression model is assessed by comparing the predictive value of models, with and without the variable in question, using the likelihood ratio test based on the difference of the deviance (D = -2 log(likelihood ratio)) between the two models. The significance of reduction in deviance is tested by comparing the observed value with a χ 2 distribution (G test, S-PLUS procedure (MathSoft Inc., Seattle, Washington)).
Modelling efficiency
To evaluate the efficiency of our six environmental variables to accurately predict species presence-absence, we built multiple logistic regression models integrating all of the variables and their quadratic terms. As BAS was a dummy variable, we only considered the first-order model. The complete model is Note: Classification tables for the multiple logistic regression models to estimate the probability of the presence of the 13 species within the 413 French sites. Models include all six environmental variables. Shown are values of the Kappa statistic and the percentages of all 413 sites correctly predicted with or without fish, sites with fish correctly predicted with fish, and sites without fish correctly predicted without fish. A cross-validation procedure was used to judge the model's efficiency. Each of the models was fitted by using all but one of the sites, and this procedure was repeated by omitting each of all of the 413 sites. The presence-absence of each species for a site was predicted by rounding off each species' expected probability to 0 or 1 (predicted probability lower or higher than 0.5) (Colett 1999) . The performances of the 13 models were summarized in a confusion matrix that cross-tabulates the observed and predicted presence-absence patterns (Fielding and Bell 1997) and identifies the two possible prediction successes (true positives and true negatives) and the two possible prediction errors (false positives and false negatives). Manel et al. (2001) evaluated several measures of the performance of logistic models and recommended Cohen's Kappa index. This widely used index assesses the extent to which models correctly predict occurrence at rates that are better than would be expected by chance (Fielding and Bell 1997) . Values of 0.0-0.4 are considered to indicate poor to fair model performance. Therefore, we only retained models having a Kappa index ranging between 0.4 and 1.
Species responses to the hierarchical organization of their environment
Multivariate regression methods are a common way of determining the relative importance of the effect of N independent variables (Xs) upon a dependent one (Y) and to make inferences about the determinants affecting species patterns. Recently, McNally (2000) pointed out that model selection in the multiple regression context has two distinct purposes. The first is to produce the best single and parsimonious model to predict values of the dependent variable (predictive approach), and stepwise selection of a subset of independent variables having a significant effect on the dependent one is the most widespread technique. The second approach involves using the outcomes of the different possible models to infer the relative influence of X variables upon Y variables, exploring for potentially causal or explanatory relationships (explanatory approach). The search for a single best model has little to do with explanation because the fact that the regression minimizes the overall difference between the observed and predicted Y values does not necessarily equate to determining probable influence in a multivariate setting. Single-model multivariate approaches cannot identify situations in which potentially important independent variables are suppressed by other independent variables. And this problem increases with the number of independent variables and with the colinearity in Xs. When there is colinearity between predictors, the direct response of a species to a descriptor may in fact only be an indirect effect owing to high dependence of the considered descriptor with one or many other descriptors. In our data, the six environmental descriptors were not independent, even though we avoided descriptors that were too highly correlated with others. Pearson's coefficient values ranged from -0.558 to +0.712.
Another approach is to use hierarchical partitioning (Chevan and Sutherland 1991) , a method based on the theorem of hierarchies in which all possible models in a multiple regression setting are jointly considered to attempt to identify the most likely causal factors. If we consider N, the number of explanatory variables (X 1 , X i , X N ), there are 2 N possible models, including the null model (M 0 
). The R i is a measure of fit between one independent variable X i and the dependent variable Y. As we used logistic regression to treat our presence-absence data, the measure of fit between each of our six explanatory variables and our dependent variable Y (species occurrence) is the reduction of deviance generated by introducing a given variable into all of the possible models built with the five other variables within the considered hierarchies. Chevan and Sutherland (1991) If all explanatory variables were completely independent of one another, there would be no joint effects (Chevan and Sutherland 1991) . Therefore, the difference between R and I reflects the degree to which the variables, taken as a whole, are acting jointly. McNally (2000) recommended looking not only at the independent component of the measure of association but also at the ratio of I over J. A ratio below 1 would indicate that the variables appear to have complex interrelationships. 
Species habitat requirements
For each species, we retained variables for which the relative independent effects were the most important, and we performed analyses to investigate the ecological responses.
To evaluate the ecological responses of the selected environmental variables, we tested the species responses to one of the environmental variables (SLO, for example) after considering the effect of all of the five others by pairwise comparison of the following models: We tested the significance of the reduction of deviance between pairs of models (G test using a χ 2 distribution, S-PLUS procedure (MathSoft Inc.)). The response of the species to SLO could be insignificant (null model, eq. 3) or significant with a continuous increase or decrease (sigmoid response, eq.4) or characterized by a symmetrical and bellshaped response curve (eq. 5) (ter Braak and Looman 1986). As recommended by Venables and Ripley (1999) , when a second-order form of a variable is retained, the first-order form of this variable is systematically added to the model. As the BAS variable was a dummy variable, we did not consider the second-order model.
To demonstrate the ecological significance of our models in terms of habitat requirements, we defined their marginal profile for each habitat characteristic. For each species and for a given local variable, we computed the predicted probability of species presence all along the observed variable range by using our previous logistic model, while all other environmental variables were held constant at their median values. Then for each species and each environmental variable, we defined an optimal condition corresponding to the highest probability of occurrence of the considered species (P max ). For the BAS variable, we evaluated the effect of each of the four basins by examining the regression coefficients associated with each of them.
All statistics were computed using S-PLUS 6 software (MathSoft Inc.) and following the recommendations of Venables and Ripley (1999) .
Results
Data set characteristics
Our data set covered a wide range of environmental conditions within the four basins (Table 1) , but it did not include very large river sections (WID up to 60 m and UDA up to 9233 km 2 ). Species frequencies (Table 2 ) ranged from 0.121 (northern pike) to 0.852 (brown trout). The species studied are well represented within the four basins, except for bleak and northern pike in the Rhône basin (0.01 and 0.03, respectively).
Modelling efficiency
According to our validations, the species-specific multiple logistic regression models with the six environmental variables correctly predicted species presence and species absence for 71-92% of the sampled sites, depending on the Note: Independent effect (%I i ) associated with each environmental variable and expressed as a percentage of the total independent effect I associated with the variable considered. Species are gathered into five types according to their sensibility for each of the five environmental variables. Mean %I i values when considering the 11 species. SLO, river slope; WID, river width; UDA, upstream drainage area; MAR, mean annual air temperature range; MAT, mean annual air temperature; BAS, basin unit. Table 3 . Decomposition of the total reduction in deviance (R) associated with the six environmental variables into independent (I) and dependent(J) components of R using the hierarchical partitioning method. species (Table 2) . As expected (Manel et al. 2001) , the percentage of true positive and true negative sites in our confusion matrix was not independent of the species prevalence. Kappa values ranged from 0.42 to 0.61 for 11 species. Two species (northern pike and brook lamprey) were associated with very low Kappa values (0.22 and 0.10, respectively) and their models were not retained.
Species responses to the hierarchical organization of their environment
Four of the 11 retained species (bullhead, brown trout, minnow, and stone loach) had total independent contributions (I) much larger than their joint effects (J) (Table 3) , with the I/J ratio ranging from 1.14 to 2.05. SLO account for more than 17% of the total independent effect for all species and with a mean %I i value of 31.4%. This local variable is of primary importance for stone loach (%I i = 50%), minnow (48%), perch (42%), and roach (39%). More than 19% of the total independent variability was accounted for by UDA when considering barbel, bleak, dace, gudgeon, perch, chub, and roach. But UDA was the most important variable only for barbel (32%) and bleak (35%). Six species showed a strong independent effect of MAT (range 17-28%): bullhead, brown trout, chub, gudgeon, roach, and bleak. MAR never appeared as having a important independent effect for the studied species, and WID only gave strong independent effects for dace and barbel. BAS was the main explanatory variable for bullhead (%I i = 42%) and also accounted for a significant part of the total independent contribution of the six environmental descriptors for minnow (28%), brown trout (24%), and stone loach (21%).
Five types of species responses were distinguished based on which variables showed high explanatory contributions in the models. Bullhead and brown trout were characterized by Fig. 2 . Specific marginal effect of each environmental variable (SLO, river slope; WID, river width; UDA, upstream drainage area; MAT, mean annual air temperature) conditionally to a fixed value of the other variables (i.e., their median value) when the variable showed a high independent explanatory power. SLO, WID, and UDA are log-transformed. The probability of occurrence of a species is expressed in relation to its maximal probability of occurrence for SLO, WID, UDA, and MAT. the explanatory power of BAS, MAT, and SLO. BAS and SLO were of first importance for minnow and stone loach. The three local variables (SLO, WID, and UDA) were retained for dace and barbel but only two (SLO and UDA) for perch. The remaining species (chub, gudgeon, roach, and bleak) were characterized by SLO, UDA, and MAT. The cumulated independent effect of the three regional environmental variables (MAT, MAR, and BAS) explained respectively more than 50% of the total explanatory power of the six considered variables for bullhead (73%) and brown trout (52%) versus 21-38% for the other nine species.
Species habitat requirements
The multiple regression models obtained by adding, when significant, a given variable (in first-or second-order form) to a previous model including the five other variables demonstrated the sensitivity of the species to the selected variables (Fig. 2) and described the type of responses (sigmoïdal versus bell-shaped).
All species, exception for bleak, were sensitive to SLO, with p values ranging from 0.032 to 1 × 10 -7 . Four of the response models included a second-order term (bullhead, brown trout, stone loach, and minnow). The optimal slope ranged from 8.87‰ for brown trout to 6.17‰ for bullhead, 4.00‰ for minnow, 2.67‰ for stone loach, and 0.20‰ for others species. Among the five species having their ecological optima at the lowest SLO condition, roach and perch appeared to have more restricted ranges. Brown trout demonstrated a particular response curve to SLO with a very wide range and a decrease in its its probabilities of occurrence only at the two extremities of the slope. WID had a significant effect on the occurrences of dace and barbel, which both demonstrated a clear optimum for intermediate WID values (9.8 and 13.4 m, respectively).
A significant effect of UDA was noted for seven species (1.8 × 10 -2 < p < 3.6 × 10 -7 ). All exhibit a continuous positive response to UDA with a common optimum for the highest value of the gradient (9233 km 2 ). However, roach, perch, and especially bleak appeared to be more restricted to the downstream river reaches than gudgeon, chub, and dace.
The predicted probability of occurrence for brown trout remained close to its maximum value throughout most of the thermal gradient, but with a avoidance of MAT values over 12°C. Bullhead preferred intermediate thermal conditions, with an optimum at 11°C. The four other species demonstrated a continuous positive response. Roach and especially bleak were more restricted to the warmest river reaches in comparison with gudgeon and chub.
At the regional level, BAS had a significant effect for only four species (trout, bullhead, minnow, and stone loach). All of these species exhibited a positive response for the Loire basin (regression coefficients of 0.484, 1.283, 1.537, and 1.665, respectively). The Seine River was also preferred by bullhead (2.356) and stone loach (1.139). The two others basins (Garonne and Rhône rivers) were never clearly preferred.
Discussion
The present study was designed to investigate riverine fish species responses to environmental constraints by addressing three main targets: (i) evaluating the global efficiency of our modelling approach, (ii) comparing species responses to environmental constraints and discussing the balance between local and regional factors in species occurrence patterns, and (iii) describing species habitat requirements.
The multiple logistic regression models correctly predicted the incidence for 11 of the 13 studied species. For northern pike and brook lamprey, the Kappa index was lower than 0.4 and we only correctly predicted species absence, probably because of their specific habitat requirements (Philippart and Vranken 1983) , which were not considered in our approach. Northern pike usually leave the main channel to reproduce in backwaters with vegetation, and brook lamprey spend most of their life in the larval stage buried in substrate.
Our second objective was to test the relative importance of local and regional environmental constraints. The hierarchical partitioning analysis that we used (Chevan and Sutherland 1991) allowed us to jointly consider all possible models in a multiple regression setting to attempt to identify the most likely causal factor (McNally 2000) . The first outcome of our hierarchical partitioning analysis is that some of our six environmental variables have a substantially greater independent explanatory power than others. By testing the assumption that the six variables had equivalent explanatory power (16.7%), slope was found to have an explanatory power higher than expected for all 11 species. At the reach scale, slope, as a surrogate of mean local hydraulic conditions, is a determinant factor of fish species occurrences (Huet 1959; Lamouroux et al. 1999) . Longitudinal position is an important factor but not the dominant one, except for barbell and bleak. MAT is of primary importance for brown trout and bullhead, two cold-water species, and gudgeon, chub, roach, and bleak, which prefer the warmest waters. For these species, MAT may be a key variable in explaining their geographic range.
One of the more interesting results is that factors that operate at a regional scale (temperature and basin unit) have the highest independent explanatory power for the two species inhabiting the smallest streams (brown trout and bullhead). In addition, the basin scale effect is of major importance for the four species inhabiting the upper river reaches (brown trout, bullhead, stone loach, and minnow). And only these five species have a total independent effect larger than their sums of joint effects. Our results clearly demonstrated than the responses of the typical rhitronic fish fauna to their environmental constraints differed from those of species inhabiting larger rivers. Angermeier and Winston (1998) examined the relative influence of local versus regional factors on the local diversity of fish communities inhabiting third-to fifth-order streams, and they also found regional predictors to outweigh local predictors in their multiple regression models. Our result could be due to the greater sensitivity of rhitronic species to temperature but also to a more pronounced variability between basins among upstream river reaches. Differences between physical and chemical characteristics of a set of rivers tend to increase when going upstream in relation to the local influences of the different drainage areas and their associated geological and geomorphologic characteristics. However, one could also argue that species tolerance to environmental con-straints may vary between basins in relation to genetic variability among populations. The bullhead, which appears as highly sensitive to basin effect, is now known to show a high level of genetic differentiation among populations. Volckaert et al. (2002) demonstrated the presence of different clades corresponding to locations in the Loire, Garonne, Seine, and Rhône basins. Evidence of genetic differentiation has also been documented for brown trout (Guyomard 1991) and minnow (Mueller and Ward 1998) .
Furthermore, the contrasting sensitivity of the 11 selected species to the six environmental descriptors leads us to reject the hypothesis that species of site assemblages have common responses to the hierarchical nature of their environment. Our study confirms that the sensitivity to local and regional scale processes are species specific, and as proposed by Kolasa (1989) , all species do not have the same perception of the heterogeneity of their habitat. Our results also support the concept of environmental filters and the idea that a biologically based approach to predict species distribution needs to explicitly consider environmental constraints imposed at different spatial scales (Tonn et al. 1990 ). Two categories of processes operating at large scales should be distinguished (Huston 1999 ): (i) evolutionary processes that really operate at large scales (species migrations, regional extinction, and speciation) and (ii) ecological patterns that mostly appear at large scales but that actually operate or can be measured at local scales, such as geophysical or climatic properties of a region. These two kinds of processes, here accounted for by the influence of temperature and basin unit on species occurrence, are both observed in our data.
Further work is needed to better identify the processes underlying these effects on species distribution, and different interpretations or directions of investigation should be developed. According to metapopulation theory, the probability of presence of a species in a patch depends on local features of the site but also on regional factors such as the number of potential colonization sources and the connectedness of the focal patch to these sources. A few studies suggest that, within a basin, between-patch dispersal cannot be neglected when considering local fish community structure (Osborne and Wiley 1992; Grenouillet et al. 2004 ). The fragmentation of aquatic habitats may be greatly increased by channelization and dams, and in this regard, the Loire and Seine basins are moderately affected, whereas the Rhône and Garonne basins were noted as strongly affected (Nilsson and Dynesius 1994) . And it is well recognized that the Loire basin is the least impacted among the large French basins. In accordance with this observation, we demonstrated that the Loire basin has a positive effect for all four rhitronic species.
For the environmental variables considered, the independent explanatory power is determined in relation to each species. The quality of our results can be evaluated by comparing the habitat requirements determined by our models with current available knowledge. On the whole, hierarchical partitioning analysis allowed us to distinguish five types of species response in which the species of type showed similar habitat requirements, i.e., similar marginal profiles to the selected environmental variables.
SLO is one of the main factors controlling water velocity (Gordon et al. 1992) . At the reach scale, slope exerts of stream physical habitat structure in association with stream size (Hubert and Kozel 1993) . Our results highlight the major importance of slope for almost all of the considered species and fit well with current knowledge (Philippart and Vranken 1983; Crisp 1996; Mann 1996) . Species ordinate according to SLO from slow-to fast-flowing water. Lamouroux et al. (1999) also analysed the habitat requirements of fish species in relation to water velocity, depth, and roughness. They described barbel as having a positive response to water velocity similar to that of bullhead, whereas brown trout preferred lower velocity. In our opinion, the differences between these observations and our results are primarily related to a scale effect. Lamouroux et al. (1999) described fish habitat preference at the microhabitat scale, whereas we focus at the reach scale. The responses of the studied species to slope at the reach scale could be considered as a combination of responses in relation to the anatomical adaptation of species and their swimming capacity and to the presence of physiological adaptations to low dissolved oxygen levels (Philippart and Vranken 1983) .
Barbel and dace, two rheophilic and relatively oxyphil cyprinids, demonstrate preferences for intermediate stream width values. When considering smaller to intermediate rivers, our results tend to demonstrate that, under otherwise comparable conditions, an increase in stream width for a given stream slope will tend to favor a particular fish community dominated by rheophilic cyprinids as a result of local increase in habitat diversity.
All seven species for which UDA shows high independent explanatory power exhibit a positive response to UDA. Unlike SLO, no clear replacement of species can be observed, even if species inhabiting slow-flowing waters appear to be more restricted to the downstream part of rivers (bleak and perch). This observation is in agreement with the view of a continual increase in the local richness towards downstream areas (Horwitz 1978; Rahel and Hubert 1991) . This downstream increase in species diversity is usually related to environmental gradients having smooth transitions of abiotic factors contributing to nested patterns of assemblage composition along the longitudinal gradient (Sheldon 1968) .
MAT is of first importance for six species and our optimal thermal ranges are in good agreement with previous literature (Alabaster and Llyod 1982; Philippart and Vranken 1983; Mann 1996) . The spawning temperature range of brown trout (1-8°C) fits well with their thermal response curve, while bullhead demonstrate an intermediate optimal thermal range (spawning temperature range 5-12°C). Bleak, which spawn at higher temperatures (17-28°C), are limited to the warmest river reaches. The thermal response of roach is similar, but with a wider thermal range (spawning thermal range 7-19°C), whereas gudgeon and chub showed an almost linear increase in their occurrence with temperature. MAR never appeared as an important variable. This result, associated with the absence of a significant response to MAT for several species known to spawn early in the year (barbel, dace, and stone loach), appears to indicate the need for a more precise description of the thermal conditions and their variations throughout the year.
In conclusion, our results clearly demonstrate the capacity of this multiscale modelling approach to produce general habitat models and single predictions for an area as large and diversified as our four basins. We demonstrate that sen-sitivity to local and regional scale processes is species specific. Thus, the use of synthetic descriptors such as species richness may not be sufficient to evaluate the interactive effect of local and regional factors on fish community (Angermeier and Winston 1998) .
For the moment, there is a gap between two kinds of literature on riverine fish communities: modelling studies mainly concerned with species-habitat relationships at the local scale and papers indicating that regional and local diversities are strongly linked in stream communities. There is a need to develop species-specific modelling approaches, integrating regional and local instream processes. Such studies are needed urgently because effective conservation and rehabilitation of stream biodiversity require proper understanding of the determinants of species distribution across multiple spatial scales.
